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We investigated whether serum deprivation induces islet amyloid polypeptide (IAPP) oligomer accumulation and/or a proinflammatory response and, if so, whether the addition of interleukin (IL)-1 receptor antagonist to the culture medium can relieve the proinflammatory response during serum-deprived culture of nonhuman primate (NHP) islets. After culture in medium with and without Ana under serumdeprived culture conditions, IAPP oligomer/amyloid accumulation, in vitro viability, islet function, cytokine secretion, and posttransplantation outcome in streptozotocin-induced diabetic nude mice were determined in islets isolated from heterozygote human IAPP transgenic (hIAPP +/À ) mice and/or NHP islets. Serum deprivation induced accumulation of IAPP oligomer, but not amyloid, in NHP islets. Anakinra (Ana) protected islets from the serum deprivation-induced impairment of in vitro viability and glucose-stimulated insulin secretion and attenuated serum deprivation-induced caspase-1 activation, transcription, and secretion of IL-1b, IL-6, and tumor necrosis factor-a in hIAPP +/À mice and NHP islets. Supplementation of medium with Ana during serumdeprived culture also improved posttransplantation in vivo outcomes of NHP islets. In conclusion, serum deprivation induced accumulation of IAPP oligomers and proinflammatory responses in cultured isolated islets. Supplementation of the culture medium with
Introduction
Interleukin (IL)-1 receptors are expressed at the highest levels in the human body in pancreatic islets (1) . Human islet amyloid polypeptide (hIAPP) provokes the secretion of IL-1b via inflammasome activation (2, 3) , and the release of proinflammatory cytokines and chemokines by macrophages, dendritic cells, and islets is amplified by IL-1 signaling (3). In clinical islet transplantation, islet isolation and subsequent processes such as in vitro culture and intraportal islet transplantation are potent inducers of hIAPP-associated b-cell failure, which is thought to be an important cause of primary islet graft failure (4) . Therefore, ex vivo culture of wild-type rodent islets is an inappropriate model for the ex vivo culture of islets before clinical islet transplantation.
In addition, serum deprivation during ex vivo culture before clinical islet transplantation is another factor that has been proposed to contribute to primary islet graft failure. Serum contains abundant components important for cell survival (5, 6) . The medium of choice for research with human islets is CMRL1066 medium containing 10% fetal bovine serum (FBS) (7) . In clinical islet transplantation, however, human serum albumin (HSA) is used instead of FBS because of safety issues regarding the use of animal-derived materials. Serum deprivation during pretransplantation ex vivo culture has been shown to impair islet viability and function (8) , although less attention has been focused on the effects of serum deprivation on islet amyloidogenesis and nonspecific inflammation during islet transplantation.
To date, the role of IL-1 signaling in b-cell dysfunction and inflammation during the culture of isolated islets has been investigated almost exclusively in serum-supplemented, proinflammatory cytokine-pretreated experimental culture conditions and/or in wild-type rodent islet culture models (9, 10) . Although these experimental conditions are appropriate to study proinflammatory responses in the peritransplantation period of intraportal islet transplantation, they are not relevant models for ex vivo culture of islets before clinical islet transplantation, in which animalderived materials are avoided and inflammatory cytokines are not added to the medium. Moreover, amyloidogenic peptide oligomer accumulation (11) has not been investigated under theses experimental conditions.
In this study, we investigated whether serum deprivation induces islet amyloid polypeptide (IAPP) oligomer accumulation (11) and/or proinflammatory responses and, if so, whether the addition of IL-1 receptor antagonist to the culture medium can relieve the proinflammatory responses provoked by serum deprivation during ex vivo culture of nonhuman primate (NHP) islets.
Materials and Methods

Animals
Islets were isolated from heterozygous human IAPP transgenic (hIAPP +/À ) FVB/N mice (Jackson Laboratory, Bar Harbor, ME), and cynomolgus monkeys (Macaca fascicularis; Orientbio, Sungnam, Korea). BALB/c nu/nu mice were used as recipients of the NHP islets (Orientbio). All experimental protocols in this study were approved by the Institutional Animal Care and Use Committee of Samsung Biomedical Research Institute.
Islet isolation
Mouse islets were isolated from 10-to 12-week-old hIAPP +/À mice as described previously (12) . Briefly, 0.8 mg/mL collagenase P (Roche, Basel, Switzerland) in Hanks balanced saline solution (HBSS, SigmaAldrich, St. Louis, MO) was infused into the common bile duct for mouse pancreas digestion. Islets were purified from the digested pancreas using a Ficoll (Biochrom, Berlin, Germany) gradient and washed several times with 19 HBSS.
NHP islets were isolated according to a modified Ricordi's method (13, 14) . The dissected NHP pancreas was placed in a 4°C histidinetryptophan-ketoglutarate (HTK) solution (Essential Pharmaceuticals, Ewing, NJ) and distended with a cold Liberase MTF C/T solution (4 mL/g pancreas; Roche). After placement of the distended pancreas in an isolation chamber, the temperature was increased to 37°C to initiate digestion of the pancreas. The isolation chamber was gently shaken when the temperature reached 36°C-37°C, with microscopic observation of dithizone (DTZ, Sigma-Aldrich) staining of free islets. When free islets were detected, Phase II solution (Corning, NY) was circulated with a peristaltic pump to eliminate the enzyme reaction. Digested cells were transferred to 200-mL conical tubes to collect the cells and rinsed with washing solution (Corning). Cells were preserved in HTK solution for 1 h before islet purification. The continuous density-gradient method with HTK solution and density-gradient media (Optiprep TM ; Axis-Shield PoCAS, Oslo, Norway) was used to purify islets, and islets were separated with a COBE 2991 TM cell processor (Gambro BCT Inc., Lakewood, CO). Mouse and NHP islet preparations with a purity of >90% were used for further experiments.
Ex vivo culture of isolated islets
Purified hIAPP +/À FVB/N mouse islets were suspended in RPMI 1640
(Gibco, Grand Island, NY) containing 100 IU/mL penicillin and 100 lg/mL streptomycin and cultured at 37°C in a fully humidified 5% CO 2 atmosphere. Purified NHP islets were cultured at 37°C in a fully humidified 5% CO 2 atmosphere with CMRL 1066 medium (Corning Life Sciences, Tewksbury, MA; catalog number 99-663-CV).
During the ex vivo culture of islets, four experimental groups were designated for experiments using hIAPP +/À FVB/N mice islets: medium supplemented with 10% FBS (Tissue Culture Biologicals, Los Alamitos, CA; catalog number 101; FBS-only group), medium supplemented with 4 lg/ mL anakinra (Ana) (Kineret TM ; Swedish Orphan Biovitrum, Stockholm, Sweden) plus 10% FBS (FBS + Ana group), medium supplemented with 0.625% BSA (Qbiogene, Carlsbad, CA; catalog number BSA003; BSAonly group), and medium supplemented with 4 lg/mL Ana plus 0.625% BSA (BSA + Ana group). In experiments using NHP islets, the medium was supplemented with 10% FBS (FBS-only group), 4 lg/mL Ana plus 10% FBS (FBS + Ana group), 0.625% HSA (Greencross, Yongin, Korea; HSA-only group), or 4 lg/mL Ana plus 0.625% HSA (HSA + Ana group).
Evaluation of islet viability by Alamar blue assay
The viability of islets was evaluated using Alamar blue staining according to the manufacturer's protocol (Invitrogen, Grand Island, NY). Briefly, islets isolated from hIAPP +/À mice were cultured at a density of 100 islet equivalents (IE) per well in 24-well plates with RPMI 1640 containing either 10% FBS or 0.625% BSA. Islets derived from NHPs were cultured at a density of 100 IE per well in 24-well plates with CMRL1066 media (Corning, catalog number 99-663-CV) containing either 10% FBS or 0.625% HSA. After 1, 3, 5, and 7 days, 109 Alamar blue solution was added directly to each well, and the islets were incubated at 37°C for 4 h with protection from direct light. The fluorescence intensity of each well was measured at 570/585 nm (excitation/emission) using a GloMax-Multi Plus Detection System (Promega, Fitchburg, WI), and the values were normalized to a blank.
Glucose-stimulated insulin secretion assay
After hand-picking and washing with PBS, islets were seeded onto 12-mm-diameter insert wells (Merck Millipore, Billerica, MA) with 10 islets per well and preincubated with 60 mg/dL glucose in Krebs-Ringer buffer (KRB: 129 mmol/L NaCl, 4.8 mmol/L KCl, 2.5 mmol/L CaCl 2 , 1.2 mmol/L KH 2 PO 4 , 5 mmol/L NaHCO 3 , 10 mmol/L HEPES, and 0.2% BSA) for 90 min at 37°C. After washing, islets were incubated with 300 mg/dL glucose-KRB for 1 h, followed by additional incubation with 60 mg/dL glucose-KRB for 1 h. Insulin release into the supernatant by the mouse and NHP islets was measured by use of ELISA (ALPCO, Salem, NH) and a multiplex kit (Merck Millipore), respectively.
Thioflavin S staining and evaluation of IAPP oligomer accumulation
Purified NHP islets were cultured at 37°C in a fully humidified 5% CO 2 atmosphere with CMRL 1066-supplemented medium (Corning Life Sciences; catalog number 99-663-CV) containing 10% FBS or 0.625% HSA for 24 and 72 h. Cultured islets were fixed in phosphate-buffered paraformaldehyde (4% wt/vol, pH 7.4). After fixation, islets were washed 4-6 times with PBS and then equilibrated in 15% sucrose overnight at 4°C. Islets were cryopreservated in optical cutting temperature compound (Tissue-Tek; Sakura Finetek, Torrance, CA), frozen in liquid nitrogen, and stored at À80°C before being cut into 10-lm sections. Sections were examined for islet amyloid after 0.5% thioflavin S staining (Sigma) and for b cells using insulin immunostaining with a guinea pig anti-insulin antibody (1:500; Dako, Carpenteria, CA) followed by Cy3-conjugated antiguinea pig secondary antibody (1:200; Jackson ImmunoResearch Laboratories, West Grove, PA). As positive controls for islet amyloid deposits, NHP islets and hIAPP +/+ mouse islets were cultured for 9 days in high glucose (18 mmol/L)-containing medium. Cells were mounted after counterstaining with 4 0 ,6-diamidino-2-phenylindole (DAPI).
For quantification of hIAPP oligomer accumulation, sections were stained with A11 Ab (anti-oligomer antibody, Invitrogen) and insulin antibody (Dako). Islets were blocked with 10% normal donkey serum and incubated with primary rabbit anti-oligomer (1:100). After washing, islets were incubated with secondary Cy3-conjugated anti-rabbit antibody for 1 h. Sections were then washed and stained with a guinea pig anti-insulin primary antibody (1:500; Dako) followed by an Alexa Fluor 488 anti-guinea pig secondary antibody (1:200; Jackson ImmunoResearch Laboratories). Sections were stained with DAPI to visualize cell nuclei and then mounted. To examine the degree of accumulation of hIAPP oligomer per islet, the percentage of A11-stained cells among total DAPI + islet cells was determined by confocal microscopy.
Analysis of cytokine secretion and Caspase-1 activity
To determine the extracellular secretion level of cytokines, mouse and NHP islets (100 IE per well) were seeded onto 12-mm-diameter insert wells (Merck Millipore). These insert wells were placed in 24-well plates containing 500 lL of each experimental medium, and the culture medium was collected at five time points (0, 6, 12, 24, and 72 h) without cellular debris. Medium concentrations of IL-1b, IL-6, and tumor necrosis factor (TNF)-a secreted from mouse and NHP islets were evaluated by using a commercially available magnetic-bead based immunoassay kit (Merck Millipore). Fluorescence density was measured by using a Luminex xMAP instrument (Luminex, Austin, TX), and data were analyzed by using Upstate BeadView software (EMD Millipore). Caspase-1 activity in hIAPP +/À mouse and NHP islets was assessed by using a colorimetric-based assay kit according to the manufacturer's protocol (BioVision, Milpitas, CA).
RNA isolation and cDNA synthesis
Harvested islets were treated with 500 lL of TriZOL (Life Technologies, Grand Island, NY), and then 100 lL of chloroform was added. After incubation at 4°C for 5 min, the mixture was centrifuged at 12 000 rpm for 15 min, and 250 lL of isopropyl alcohol was added to precipitate total RNA. RNA pellets were washed with 75% ethanol, and RNA was eluted from pellets by using RNase-free water (WelGene, Daegu, South Korea). RNA purity was assessed by NanoDrop (Thermo Scientific, Wilmington, DE) and agarose gel electrophoresis. The purity of RNA ranged from 1.9 to 2.0 based on the ratio of optical densities (OD) of 260/230 and 260/ 280. Total RNA was reverse transcribed to quantify the expression of genes using the SuperScript TM II reverse transcription system (Life Technologies) according to the manufacturer's protocol.
Real-time quantitative reverse transcription-PCR
Real-time quantitative reverse transcription-PCR was performed using gene-specific primer pairs (Table S1 ). Amplified PCR products were normalized to the b-actin PCR product amplified from the same sample. PCR products were separated on 1% agarose gels, and images were obtained using a Gel Doc TM XR instrument (Bio-Rad, Hercules, CA). To quantify the expression level of genes, real-time PCR was performed using a SYBR premix kit (Takara Bio Inc., Tokyo, Japan) and an ABI Prism 7000 (Applied Biosystems, Foster City, CA) according to the manufacturers' protocols.
In vivo islet function of NHP islets
A marginal mass renal subcapsular islet transplantation model was used to assess the in vivo islet function of NHP islets. To induce diabetes, 180 mg/kg streptozotocin (STZ, Sigma-Aldrich) was administered to 8-to 10-week-old BALB/c nu/nu mice. Mice were considered to have diabetes when two consecutive blood glucose level readings were >300 mg/dL. Only mice displaying stable hyperglycemia (>300 mg/dL) for >1 week were designated as recipients. Equal amounts (1000 IE of islets per recipient) of islets isolated from NHPs were allocated to the following three groups: culture medium supplemented with FBS (FBS-only group), 0.625% HSA (HSA-only group), and 0.625% HSA plus Ana (HSA + Ana group) to evaluate the combined effect of Ana on islet mass and function during ex vivo culture. After culture for 72 h, islets were transplanted into the renal subscapular space of diabetic BALB/c nu/nu mice. IE number was calculated using the Ricordi algorithm by classifying islets according to their diameter (15) . After islet transplantation, nonfasting blood glucose levels were measured three times a week for the first 2 weeks and twice a week for the last 2 weeks. 
Statistical analysis
Results
Serum-deprived culture of NHP islets results in increased accumulation of IAPP oligomers but not IAPP amyloid Thioflavin S-stained material was not observed in NHP islets after 1 and 3 days of ex vivo culture in either the FBS-supplemented medium or serum-deprived human serum albumin (HSA)-containing medium ( Figure S1 ). In FBS-only and FBS + Ana groups, the proportion of cells containing A11-stained IAPP oligomers to DAPI-counterstained islet cells at 72 h did not significantly increase from the proportion at 24 h. In the HSA group, however, the proportion of cells containing A11-stained IAPP oligomers to DAPI-counterstained islet cells obtained at 72 h was greater than that obtained at 24 h. The proportion of cells containing A11-stained IAPP oligomers to DAPIcounterstained islet cells in both HSA and HSA + Ana groups obtained at 72 h was greater than the proportion in FBS and FBS + Ana groups obtained at both 24 and 72 h (Figure 1 ).
Ana protects against serum deprivation-induced impairment of islet viability and function in hIAPP +/À mice and NHP islets After 5 days of ex vivo culture, the relative cell viability of the BSA-only group was significantly lower than that of the other groups. The relative cell viability of the BSA + Ana group was higher than that of the BSA-only group, although it was lower than that of the FBS-only and FBS + Ana groups (Figure 2A ). The in vitro islet function of the BSA-only group, in terms of stimulation indices obtained in the glucose-stimulated insulin secretion (GSIS) assay, was significantly lower than that of the other groups throughout the culture period. Interestingly, Ana protects against the serum deprivation-induced release of proinflammatory cytokines in hIAPP +/À mice islets After 1 and 3 days of ex vivo culture, the concentration of IL-1b in the BSA-only group was significantly higher than that of the other groups. Although the concentration of IL-1b in the medium of the BSA + Ana group after 1 and 3 days of ex vivo culture was significantly higher than that of the FBS-only and FBS + Ana groups, it was significantly lower than that of the BSA-only group (Figure 3A) . Caspase-1 activity was significantly higher in the BSA-only group than the other groups. Caspase-1 activity of the BSA + Ana group was significantly lower than that of the BSA-only group, although it was still significantly higher than that of the FBS-only and FBS + Ana groups. A similar trend was observed in the concentration of IL-6 and TNF-a ( Figure 3A ).
Transcript levels of IL-1b, IL-6, and TNF-a after 3 days of ex vivo culture in the BSA + Ana group were significantly lower than those in the BSA-only group, although higher than those in the FBS-only and FBS + Ana groups (Figure 3B ). When 4, 8, and 16 lg/mL Ana was added to the medium during the serum-deprived culture, the transcription levels of IL-1b, IL-6, and TNF-a were significantly suppressed in all the experimental groups ( Figure S2 ). These results were successfully reproduced in NHP islets ( Figure 4) .
Ana reduced the activation of c-Jun N-terminal kinases and nuclear factor jB signaling in NHP islets during serum-deprived culture During serum-deprived culture, the transcription level of c-Jun was highest after purification and decreased during the culture period in both HSA-only and HSA + Ana groups. The c-Jun transcription level significantly decreased in the HSA + Ana group at 48 h compared with HSA group. The transcription levels of nuclear factor jB (NF-jB) (p65) and its downstream effector inducible nitric oxide synthase (iNOS) were higher in the HSA-only group than the HSA + Ana group during the serumdeprived culture ( Figure 5 ).
Supplementation of medium with Ana during serumdeprived culture improves posttransplantation outcomes of NHP islets
To assess the in vivo function of the NHP islets, equal amounts (1000 IE) of NHP islets were subjected to three culture conditions (FBS only, HSA only, and HSA + Ana) and then transplanted into STZ-induced diabetic BALB/c nu/nu mice. Therefore, the in vivo model examined the combined effects of Ana on islet mass and function during ex vivo culture. The transplanted islet mass was 630.7 AE 19.7 IE per recipient (n = 14), 579.7 AE 176.0 IE per recipient (n = 18), and 679.0 AE 113.3 IE per recipient (n = 16) in the FBS-only, HSA-only, and HSA + Ana groups, respectively (p = 0.628).
The HSA-only group showed poor posttransplantation outcomes in terms of posttransplantation glucose levels, diabetes reversal rate, and area under the curve (AUC) of glucose in the intraperitoneal glucose tolerance test (IPGTT, Figure 6 ). The posttransplantation outcome of the HSA + Ana group was significantly better than that of the HSA-only group in terms of posttransplantation glucose levels, diabetes reversal rate (p = 0.003 for the post hoc comparison), and AUC of glucose in the IPGTT (p = 0.026), and was not significantly different from the outcome of the FBS-only group. Regardless of the experimental group, the proportion of the amyloid area among the insulin-stained area was significantly greater in the recipients that failed to achieve diabetes reversal ( Figure S3 ).
Discussion
In this study, ex vivo culture with serum deprivation resulted in an increase in accumulation of IAPP oligomers and secretion of IL-1b, IL-6, and TNF-a in NHP islets. After 3-5 days of serum-deprived ex vivo culture, Ana significantly improved in vitro islet viability and in vivo islet graft function and attenuated the proinflammatory responses induced by serum deprivation in NHP islets.
Use of NHP islets expressing amyloidogenic IAPP, which is almost identical to hIAPP (16) , is the strength of this study. Accumulation of IAPP oligomers, but not IAPP amyloid, during in vitro culture with inhibition of autophagy has been proved in the same animal model (11) . To the best of our knowledge, this is the first +/À mouse and NHP islets cultured under different conditions: medium supplemented with 10% FBS (FBS-only group), 4 lg/mL anakinra plus 10% FBS (FBS + Ana group), 0.625% BSA/HSA (BSA/has-only group), or 4 lg/mL anakinra plus 0.625% BSA/HSA (BSA/HSA + Ana group). The viability of islets was measured by Alamar blue assay after 1, 3, 5, and 7 days of ex vivo culture (n = 11 for each group in hIAPP mice, and n = 4-5 for each group in NHP). (B) GSIS of hIAPP +/À mouse and NHP islets in each group. GSIS was evaluated using ELISA at 1, 3, 5, and 7 days after culture (n = 5-7 for each group). The stimulation index was calculated as the ratio of stimulated (300 mg/dL) to basal (60 mg/dL) insulin release. *p < 0.05 (vs. BSA/HSA + Ana group); **p < 0.01 (vs. BSA/HSA + Ana group); ***p < 0.001 (vs. BSA/HSA + Ana group); white circles, BSA/HSA-only group; black circles, BSA/HSA + Ana group; white bars, FBS-only group; black bars, FBS + Ana group. BSA, bovine serum albumin; FBS, fetal bovine serum; GSIS, glucose-stimulated insulin secretion; hIAPP, heterozygote human islet amyloid polypeptide transgenic mice; HSA, human albumin serum; NHP, nonhuman primate. , and TNF-a in the culture medium of each group measured after 6, 12, 24, and 72 h of ex vivo culture (n = 3 for each group) and the caspase-1 activity of the islets was evaluated after 24 and 72 h of ex vivo culture (n = 3 for each group). Caspase-1 activity was expressed as the relative ratio of caspase-1 activity in each group normalized to the caspase-1 activity of control islets in the same group before ex vivo culture (0 h control). White circles, BSA-only group; black circles, BSA + Ana group; white bars, FBS-only group; black bars, FBS + Ana group. (B) Transcriptional expression of IL-1b, IL-6, and TNF-a evaluated by real-time quantitative PCR (n = 4 for each group) after 24 and 72 h of ex vivo culture. In real-time PCR, reactions were carried out at 95°C for 10 s, followed by 41 cycles of 95°C for 5 s and 60°C for 34 s, and data were accumulated over amplification cycles. The threshold cycle (Ct) was determined as the point at which a fluorescence value significantly above the background level was detected, and PCR products were analyzed by generating a melting curve using 7000 System SDS Software (Applied Biosystems). Gene expression was quantified using the 2-DDCt method. *p < 0.05 (vs. BSA + Ana group); **p < 0.01 (vs. BSA + Ana group); ***p < 0.001 (vs. BSA + Ana group). FBS, fetal bovine serum; hIAPP, heterozygote human islet amyloid polypeptide transgenic mice; HSA, human albumin serum; IL, interleukin; NHP, nonhuman primate; TNF, tumor necrosis factor. report that serum deprivation during islet culture, even in the absence of high glucose concentrations, can induce the accumulation of IAPP oligomers in NHP islets. Rapid formation of islet amyloid deposits and resultant primary islet graft failure after intraportal islet transplantation has mainly been attributed to the increased demand for insulin secretion (3, 4, (17) (18) (19) (20) . To date, accumulation of amyloid deposits in
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American Journal of Transplantation 2017; 17: 365-376pretransplantation cultures of islets has been demonstrated only under culture conditions with high glucose levels (11.1-28 mmol/L glucose) and FBS supplementation (3, 18, (21) (22) (23) . In fact, hIAPP amyloid was not observed in hIAPP transgenic mice islets after culture in medium containing 5.5 mmol/L glucose (21) . For this reason, amyloid accumulation is not thought to occur during short-term islet culture unless the medium contains a high concentration of glucose. However, less attention has been paid to accumulation of IAPP A B oligomers during islet culture, because the importance of IAPP oligomers, in contrast to IAPP amyloid, in IAPPinduced b cell failure has not been established until recently (3, 11) . In this study, we cultured NHP islets in CMRL medium, which contains 5.55 mmol/L glucose, without additional glucose supplementation. Serum deprivation under these culture conditions induced accumulation of IAPP oligomers but not amyloid, similar to what was reported in NHP islets cultured with inhibition of autophagy (11) . Given that IAPP oligomers, rather than IAPP amyloid, are the main effectors of islet injury in autophagydeficient islets of hIAPP transgenic mice and NHPs, our data suggest that more attention should be paid to IAPP oligomer accumulation in pretransplantation serumdeprived culture before clinical islet transplantation. Exacerbation of possible inducers of IAPP oligomer accumulation by serum deprivation, such as impaired handling of pro-IAPP due to the b cell dysfunction associated with islet isolation and culture (23), could be a potential mechanisms underlying the accumulation of IAPP oligomer observed in this study.
The results of this study clearly show that serum deprivation provokes a proinflammatory response in cultured islets. Whereas previous studies focused on in vitro islet function and viability (8, 24, 25) , we hypothesized that islet distress caused by serum deprivation would accelerate hIAPP oligomer accumulation and that hIAPP would activate the inflammasome of b cells and A B Figure 4 : Effect of anakinra (Ana) on the secretion and transcriptional expression of proinflammatory cytokines in NHP islets.
(A) Concentration of IL-1b, IL-6, and TNF-a in the culture medium of each group measured after 6, 12, 24, and 72 h of ex vivo culture (n = 3 for each group) and caspase-1 activity of the islets was evaluated after 24 and 72 h of ex vivo culture (n = 3 for each group). Caspase-1 activity was expressed as the relative ratio of caspase-1 activity in each group normalized to the caspase-1 activity of control islets in the same group before ex vivo culture (0 h control). White circles, HSA-only group; black circles, HSA + Ana group; white bars, FBS-only group; black bars, FBS + Ana group. (B) Transcriptional expression of IL-1b, IL-6, and TNF-a evaluated by real-time quantitative PCR (n = 4 for each group) after 24 and 72 h of ex vivo culture. Reactions were carried out at 95°C for 10 s, followed by 41 cycles of 95°C for 5 s and 60°C for 34 s, and data were accumulated over amplification cycles. The threshold cycle (Ct) was determined as the point at which a fluorescence value significantly above the background level was detected, and PCR products were analyzed by generating a melting curve using 7000 System SDS Software (Applied Biosystems). Gene expression was quantified using the 2-ddCt method. Data are representative of three independent experiments. *p < 0.05 (vs. HSA + Ana group); **p < 0.01 (vs. HSA + Ana group); ***p < 0.001 (vs. HSA + Ana group). FBS, fetal bovine serum; hIAPP, heterozygote human islet amyloid polypeptide transgenic mice; HSA, human albumin serum; IAPP, islet amyloid polypeptide; IL, interleukin; NHP, nonhuman primate; tumor necrosis factor. , and 120 min after glucose administration, and glucose levels were determined using a glucometer (AccuCheck, Roche). (C) Blood glucose levels were measured at 0, 5, 15, 30, 60, 90, and 120 min after injection. The blood glucose levels of streptozotocin-induced diabetic BALB/c nu/nu mice without islet transplantation (diabetic nude mice group, n = 3), and those of nondiabetic BALB/c nu/nu mice without islet transplantation (Normal nude mice, n = 6) are given as references. The normal range of fasting plasma glucose levels is 39-74 mg/dL in monkeys (31 We showed that medium supplementation of serumdeprived culture with Ana for up to 3 days protected the islets from functional derangement, such that the islet function of the BSA + Ana or HSA + Ana groups was comparable to that of islets cultured in serum-supplemented medium. Although human AB serum has been suggested as an alternative to HSA, conflicting results have been reported regarding the benefits of this approach (24, 25, 30) . Given that Ana is a US Food and Drug Administration-approved agent for clinical use in rheumatoid arthritis, the results of this study, which used clinically relevant animal models in terms of toxic IAPP formation, provide support for the use of Ana instead of FBS for the ex vivo culture of islets before clinical islet transplantation. However, additional modification to the protocol in more clinically relevant medium should be investigated using human islets before the clinical application of this study.
As a proof-of-concept study using NHP islets, this study showed the efficacy of addition of 4 lg/mL Ana into the serum-deprived medium. Therefore, the concentration of Ana should be optimized using human islets before clinical application of this study. A recent study using human islets showed a benefit of 10 lg/mL Ana in cytokine-pretreated human islets (10).
In conclusion, serum deprivation induced formation of IAPP oligomers and secretion of proinflammatory cytokines in NHP islets. Culture medium supplementation with Ana attenuated the serum deprivation-induced impairment of viability and function and proinflammatory responses in ex vivo cultures of hIAPP +/À murine and NHP islets. The results of this study support the use of Ana in ex vivo serum-deprived culture of islets isolated for clinical islet transplantation.
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Data S1: Supplemental materials and methods. ) in recipients that achieved diabetes reversal (+) and failed to achieve diabetes reversal (À). Diabetes reversal was defined as blood glucose levels <200 mg/dL for 2 consecutive days posttransplantation. *p < 0.05; **p < 0.01. (E) Posttransplantation glucose levels of recipients in each group.
